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Summary
Background.— Cardiac resynchronization therapy (CRT) improves clinical outcome in selected
patients with advanced congestive heart failure. The Overlay Ref technique may facilitate the
procedure for implanting left ventricular (LV) pacing leads to deliver CRT.
Aim.— To assess the feasibility of deploying a LV pacing lead into a coronary sinus side branch
guided by Overlay Ref.
Methods.— Data from 88 consecutive patients who met the CRT implantation criteria in our
hospital between 28 November 2007 and 30 December 2009 were randomly assigned to two
groups. Forty-four patients underwent CRT device implantation using Overlay Ref to guide target
vein selection and advance a speciﬁcally designed pacing lead into the target vein (Overlay Ref
group); 44 patients were conventionally implanted (control group).
Results.— LV lead implantation was successful in all patients. Mean CRT total procedure
times (skin-to-skin) were: Overlay Ref group, 80.7± 18.0min; control group, 98.5± 32.2min;
of LV pacing lead into target vein times were: Overlay Ref group,p = 0.029. Mean placement
16.2± 7.7min; control group, 36.4± 23.4min; p = 0.004. Mean total ﬂuoroscopy times were:
Overlay Ref group, 13.6± 4.3min; control group, 23.8± 15.7min; p = 0.007. Mean LV lead ﬂuo-
roscopy times were: Overlay Ref group, 5.7± 2.9min; control group, 14.4± 4.6min; p = 0.003.
No major complications occurred.
Abbreviations: CRT, cardiac resynchronization therapy; CS, coronary sinus; DSA, digital subtraction angiography; LV, left ventricular.
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Conclusions.— Overlay Ref facilitates location of and entry into the coronary sinus, and shortens
the duration of LV pacing lead implantation into the target vein.
© 2010 Elsevier Masson SAS. All rights reserved.
MOTS CLÉS
Stimulation
ventriculaire gauche ;
Scanner ;
Implantation ;
Insufﬁsance
cardiaque congestive
Résumé
Objectif.— Évaluer la faisabilité d’une sonde ventriculaire gauche implantée dans le sinus
coronaire, guidée par une technique appropriée.
Justiﬁcation.— La resynchronisation cardiaque (CRT) est une thérapeutique éprouvée de
l’insufﬁsance cardiaque congestive avérée, à condition de respecter les indications.
Cependant, la procédure d’implantation des sondes ventriculaires gauches varie en
fonction des opérateurs et de leur technique. Il reste à réduire le temps des procé-
dures. Nous proposons une nouvelle technique pour faciliter cette procédure de mise
en place de la sonde en position ventriculaire gauche. Cette étude rapporte notre
expérience initiale dans l’implantation du traitement de l’insufﬁsance cardiaque conges-
tive.
Méthode.— Les données de 88 patients consécutifs répondant aux critères d’implantation ont
été assignées de fac¸on randomisée dans deux groupes, au cours d’une période s’étendant
du 28 novembre 2007 au 30 décembre 2009 : 44 patients ont bénéﬁcié d’une implan-
tation selon la nouvelle technique permettant de guider la veine coronaire cible et de
déployer ainsi la sonde ventriculaire gauche dans celle-ci (groupe de référence) ; les témoins
étaient constitués de 44 patients, traités et implantés de fac¸on conventionnelle (groupe
témoin).
Résultats.— La mise en place de la sonde ventriculaire gauche a été obtenue avec succès
dans tous les cas. La durée moyenne de la procédure d’implantation (peau à peau) dans
le groupe évalué a été de 80,7± 18 comparée à 98,5± 32,2minutes dans le groupe témoin
(p = 0,029). Le délai moyen d’obtention de la stimulation ventriculaire gauche a été respec-
tivement de 16,2± 7,7 et 36,4± 23,4minutes (p = 0,004). Le temps moyen d’irradiation per
procédure était respectivement de 13,6± 4,6 et 23,8± 15,7minutes (p = 0,007). Le déploiement
de la sonde en position ventriculaire gauche a abouti à une irradiation per procédurale de
5,7± 2,9 et 14,4± 4,6minutes (p = 0,003). Il n’y a pas eu de complication majeure recen-
sée.
Conclusion.— Cette nouvelle technique d’implantation d’une sonde en position ventriculaire
gauche pour resynchronisation cardiaque a permis un repérage plus aisé du sinus coronaire, et
une réduction tant du délai de cathétérisme de celle-ci que de la durée d’irradiation en salle
de cathétérisme.
© 2010 Elsevier Masson SAS. Tous droits réservés.
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‘ackground
ultiple randomized clinical studies have suggested that
atients in heart failure with left bundle branch block may
eneﬁt from cardiac resynchronization therapy (CRT) [1—3].
ne of the greatest challenges to this therapy is the tech-
ical difﬁculty encountered with implantation of the left
entricular (LV) lead. Implantation of LV pacing leads to
eliver CRT typically involves locating and entering the coro-
ary sinus (CS), performing coronary venous angiography,
electing a target vein and advancing a speciﬁcally designed
acing lead into the target vein. To overcome this problem,
new technique named Overlay Ref has been introducednto clinical electrophysiology; this technique can overlap
he reference images on the real-time ﬂuorescence moni-
or, to facilitate implantation of LV pacing leads. This article
eports our initial experiences with implantation of LV pacing
eads guided by Overlay Ref.
m
a
U
p
Oethods
atient selection
etween 28 November 2007 and 30 December 2009, biven-
ricular pacemaker implantation was performed in 88
onsecutive candidates for CRT, who were randomized in a
:1 ratio based on a permuted blocked randomization list, to
rovide an approximate balance between treatment groups.
he randomization list was stratiﬁed by site. Randomization
as done by opening sealed allocation envelopes (indicating
Overlay Ref’ or ‘conventional’ treatment).
Forty-four randomized patients underwent LV lead place-
ent using the Overlay Ref technique to control the tip of
0.014-inch guidewire (Medtronic Inc., Minneapolis, MN,
SA). The control group was made up of 44 randomized
atients scheduled for CRT during the same time period. The
verlay Ref technique was not used in the control group.
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IFigure 1. (a) coronary sinus angiography (b) ideal left ventricula
Standard 0.014-inch guidewires were used in the control
group, as well as CS venography. The right ventricular and
right atrial leads were initially placed in a standard fash-
ion. The CS leads were commercially available over-the wire
leads (Medtronic Inc.).
The institutional review board of our institution approved
the study protocol. Each patient signed a written consent
form before treatment.
Inclusion criteria were as follows: symptomatic heart
failure with idiopathic dilated or ischaemic cardiomyopa-
thy; New York Heart Association functional class III or IV;
LV end-diastolic diameter greater or equal to 60mm; QRS
width greater or equal to 120ms (measured on surface elec-
trocardiogram leads); and obvious mitral regurgitation by
echocardiography.
Device
Impulse generators: Insync 8040, Insync III 8042 (Medtronic
Inc.). LV leads: 2188, 2187, 4189, 4191, 4193 (Medtronic
Inc.); Attain® OTW 6215 (Medtronic Inc.).
Implantation procedure: Overlay Ref group
After informed consent was obtained, implantation was per-
formed for the patient under local anaesthesia and conscious
sedation. After puncturing the left subclavian vein, two
steerable hydrophilic guides were inserted. The short guide
was used to introduce the atrial and right ventricular leads,
and the long guide to introduce the LV lead delivery system.
Location of the coronary sinus ostium
One of the key steps in the implantation procedure for CRT
is access to the CS. We used an electrophysiological guided
approach to locate the CS ostium. The standard diagnos-
tic CS electrophysiology catheter was used to cannulate the
CS. When the catheter was put into the CS, the delivery
sheath was then slipped over the catheter inside the CS as
deeply as possible and the catheter was exchanged for a bal-
loon catheter to perform an occlusive CS venogram; it then
remained in the ostium to secure access (Fig. 1) [4].
T
i
d
a
vbranch was obtained (in anterior posterior view).
eft ventricular lead implantation
he LV lead was selected on the basis of the anatomy of the
S branches. For large veins with few tortuosities, a large
ore lead (2187) was used. For medium-sized or small veins
ith signiﬁcant tortuosities, over-the-wire leads (mostly
193) were selected. The lead was placed preferentially
nto the lateral or posterolateral vein using percutaneous
ransluminal coronary angioplasty (Fig. 2) [5,6]. Sensing and
acing thresholds were determined, along with the pacing
hreshold for phrenic nerve stimulation. After lead measure-
ent, the sheath was removed and the right ventricular and
ight atrial leads were implanted. The right ventricular lead
as generally placed at a site anatomically remote from
he LV lead, with good electrical separation and, preferably,
arly in the QRS complex.
The digital subtraction angiography (DSA) system (AXIOM
rtis dFC equipped with VB31E software package includ-
ng Overlay Ref technique; Siemens, Erlangen, Germany)
as used to perform selective CS angiography in both the
ight anterior oblique 30◦ view and the left anterior oblique
5◦ view. Meanwhile, the images were recorded in order to
irect lead placement. The main branches of the CS are
he great vein and the lateral, posterolateral, posterior and
iddle veins (Figs. 3a and 4a). The snapshot that showed
he clearest contour of CS was drawn from the venography
ovie and transferred to the reference monitor; this served
s the reference image. When the ‘Automap’ button was
ressed, the DSA machine automatically restored the same
oom stage, matrix size and patient position as the refer-
nce image. The ‘Overlay’ button was then pressed, and
he (inverted) reference image was faded into the live ﬂu-
roscopic image, so that the position of the LV lead could
e located directly over the inverted and faded reference
mage. Hence, Overlay Ref was able to render the position of
he LV lead during the implantation procedure. CS landmarks
ere chosen from the CS ostia region (Figs. 3b and 4b).
mplantation procedure: control grouphe 44 control patients underwent routine CRT device
mplantation during the same period of time, as previously
escribed [7]. Selective CS angiography at both the right
nterior oblique 30◦ view and the left anterior oblique 45◦
iew were performed. No reference images were recorded
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Figure 2. Typical lead placement in the anterior vein in (a) left anterior oblique view and (b) posterior-anterior view. In the same patient,
the lead was positioned in the lateral vein by the over-the-wire technique, depicted in (c) left anterior oblique view and (d) posterior-anterior
view. Photo reference from Sack et al [5].
Figure 3. A percutaneous transluminal coronary angioplasty wire was placed into the target vein, guided by the Overlay Ref technique,
in left anterior oblique view. (a) Reference image. (b) Fluoroscopic image.
Figure 4. An over-the-wire left ventricular lead was placed into the target vein, guided by the Overlay Ref technique, in left anterior
oblique view. (a) Reference image. (b) Fluoroscopic image.
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Table 1 Baseline clinical characteristics.
Overlay Ref group Control group p
(n = 44) (n = 44)
Age (years)a 63± 9 59± 12 NS
Men/women (n/n) 30/14 28/16 NS
Ischaemic/non-ischaemic aetiology (n/n) 25/19 21/23 NS
Ejection fraction (%)a 26± 8 28± 10 NS
QRS duration (s)a 170± 30 164± 12 NS
Medical therapy
Beta-blockers (%) 88 76 NS
ACE inhibitors (%) 100 100 NS
Diuretics (%) 100 100 NS
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wACE: angiotensin-converting enzyme; NS: not signiﬁcant.
a Data are means± standard deviations.
and LV pacing leads were guided by the use of conventional
ﬂuoroscopy.
Statistical analysis
Statistical analyses were performed using SPSS13.0
for Windows (Apache Software Foundation, SPSS Inc.,
Chicago, IL, USA). Continuous variables were expressed as
means± standard deviations and compared using Student’s
t-test. Absolute numbers and percentages were compared
using the chi-square test or Fisher’s exact test. A p value
less than 0.05 was considered statistically signiﬁcant.
Results
Left ventricular lead placement
CS access and LV lead placement were successfully per-
formed in all Overlay Ref and control group patients. There
were two coronary venous anatomical difﬁculties in the
Overlay Ref group: one patient had an atypically located
CS ostium; another patient had undergone previous valve
surgery that distorted the atrial anatomy. In 53 patients,
the target CS side branch was located in the posterolateral
wall of the left ventricle; in 32 patients the ideal CS side
branch was considered to be in the lateral LV wall; in three
patients the anterior LV wall was used due to the lack of
acceptable pacing thresholds in other locations.
l
l
p
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Table 2 Left ventricular lead procedure data.
Over
(n = 4
LV lead placement into target vein time (min) 16.2
CRT total procedure time (min) 80.7
Total ﬂuoroscopy time (min) 13.6
LV lead ﬂuoroscopy time (min) 5.7±
LV: left ventricular; CRT: cardiac resynchronization therapy.
Data are means± standard deviations.omparison between Overlay Ref and control
roups
atient clinical characteristics were similar in the two
roups (Table 1). Implantation procedural data are shown in
able 2. Using the Overlay Ref technique, placement of the
V pacing lead into the target vein took 16.2± 7.7min. Total
RT procedure duration (skin-to-skin) was 80.7± 18.0min,
otal ﬂuoroscopy time was 13.6± 4.3min and LV lead ﬂuo-
oscopy time was 5.7± 2.9min. Compared with the control
roup, Overlay Ref was associated with signiﬁcantly shorter
imes for LV lead placement.
There were no implantation procedure-related deaths,
S dissections or LV lead dislodgements.
iscussion
RT, by simultaneous pacing of the right and left ventricles,
an improve symptoms and reduce mortality. With the pub-
ication of the CARE-HF trial, CRT gained further acceptance
s an effective intervention for patients with advanced heart
ailure and LV systolic dysfunction [1]. The major problem
ith this therapy has been the implantation of LV pacingeads. Placing the LV lead at the target site involves cannu-
ating the CS, performing coronary venous angiography and
lacing the LV lead to achieve adequate resynchronization.
The procedure is complicated. Firstly, some patients with
dvanced heart failure symptoms and depressed cardiac
lay Ref group Control group p
4) (n = 44)
± 7.7 36.4± 23.4 0.004
± 18.0 98.5± 32.2 0.029
± 4.3 23.8± 15.7 0.007
2.9 14.4± 4.6 0.003
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unction cannot withstand this time-consuming procedure
ecause they need to lie still during the implantation. Sec-
ndly, previous studies have suggested that for the majority
f patients, the optimal LV pacing site is considered to be a
ateral or posterior lateral CS tributary [8,9]. However, as far
s the tributaries of the CS are concerned, there are all kinds
f variation. Moreover, the varied anatomy of the coronary
enous system may be further complicated by distortion of
he anatomy of heart failure patients [10]. As a result, it
s difﬁcult to advance the LV lead to the desired position
nside the vein. Thirdly, the available LV leads are still not
deal. For example, the model 2187 Attain LV 7F (Medtronic,
nc.) is a stylet-driven lead with a preshaped stylet used to
atheterize the CS without the use of a left heart delivery
ystem; it is not only hard but also has a large curvature,
nd is therefore not appropriate for the thin branch. Finally,
RT is usually used for patients with severe heart failure. In
uch cases, the heart is signiﬁcantly enlarged, which makes
S identiﬁcation or cannulation more difﬁcult.
This study demonstrates the feasibility of the Over-
ay Ref technique for guiding implantation of LV pacing
eads for the treatment of heart failure. Our previous
tudy showed that the Overlay Ref technique can facilitate
he catheter ablation of paroxysmal atrial ﬁbrillation and
an help to standardize the landmarks selection procedure
11]. Using the Overlay Ref technique, the total duration
f the procedure in the present study was shortened to
0.7± 18.0minutes and we rarely saw intermittent contrast
njection through the guide catheter. This suggests that the
verlay Ref technique might improve the accuracy of LV pac-
ng lead implantation and shorten the duration of the total
rocedure.
The coronary venous anatomy may limit placement of
he LV lead and the ability to pace a deﬁned region of
he LV for CRT in some cases. The use of the Overlay Ref
echnique might help to overcome some of the technical
ifﬁculties, such as cannulation of small veins, or track
he lead to a more distal portion of the coronary vein. In
ddition, there was no learning curve associated with this
echnique.
The accuracy of Overlay Ref depends on the image quality
f the venography of the CS. Only when the reference image
utlines the contours of the CS clearly can Overlay Ref locate
he catheter exactly. It should also be noted that respiratory
otion and cardiac beat motion can change the catheter
osition, thus affecting the precision of Overlay Ref.
One reason for the precision of Overlay Ref could be that
t is a ﬂat, two-dimensional technique, rather than a three-
imensional mapping system. In fact, when Overlay Ref is
tarted, the DSA machine automatically restores to the same
oom stage, matrix size and patient position as the refer-
nce image, ensuring precise location of the catheter guided
y the ﬂat ﬂuorescence.
The limitation of this technique is that the Overlay Ref
mage cannot be stored and reviewed after implantation
rocedure due to technical reasons.tudy limitation
limitation of this study was the small number of patients
ncluded, Although the study showed that the Overlay Ref
[B.-C. Zhang et al.
rocedure is safe and feasible, a larger, randomized trial is
arranted.
onclusion
he Overlay Ref technique is a safe, feasible and efﬁcient
ool for assisting LV lead placement during CRT, with the
dvantage of timesavings.
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